log (1/Cs) = 0.361x — 0.281R + 4557 (7

of dog (1/C5) agree to a mean value of £0.102. Again
the relation corresponds closely to our analysis of
antagonism  toward acetyleholine. A better study
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of antagonizm toward histamine could be made with
more satisfactory and specific antagonist=.

Acknowledgments.—One of nx (R C. 1) ix indebted
tu the Medical Research Conneil fara Researveh Scholar-
ship.

Antimalarials.
8-Chloro-4-(2’-N,V-dibutylamino-1’-hyvdroxyethyl)benzo[h]-1,6-naphthyridine™

Karr A. Roseyvan,™ Marisera M. GovLp, WarnNer M. LINFIELD.
Aanp Bex E. Eopwanns

Organice Chemistry Svetion, [T Resvoeh Institidv, Chivage. Hlinoeis

CO5 TR

Rreeviemd Angus! 25, 1464

8-Chlorn-4-(2'-N,.V-dibutylamino-1'-hydroxyethyl)benznjh|-1,6-naphthyridine (17) was synthesized from

4-amino-7-chloroquinoline.

While a number of electrophiles failed to react with the weakly nucleophilic 4-aminn

function of the 4-aminoquinoline, utilization of diethyl ethoxymethylenemalonate, a relatively strong electrophile,

provided a route to the tricyclic heteroaromatic compound.

Whereas eight of its intermediates lacked anti-

malarial activity, 8-chloro-4-(2'-N,N-dibutylamino-1’-hydroxyethyl)benzo[h]-1,6-naphthyridine was active

against Plasinodium berghei in mice.

This compound, however, possessed vuly slight avtivity agatust .

gallinacewm in chicks and was ineffective against thix nrganism it mozquitnes.

Imtially, it was our desire to prepare 2-methyvl-
4-(NV,N-dialkylaminomethyl)benzo[h]-1.6-naphthyri-
dines.  The nucleus and general substitution pattern
of this molecule are derived by the ''paper eyeclization”
of the chloroquine (I) side chain (as indicated hy the
arrow), along with aromatization of the formed third
ring.

Cl N

Consideration of the antimalarial activity found in the
4-quinolinemethanol series as well as in that of the
phenanthrenemethanols??® led to the refinement of
replacing the formed dialkylaminomethyl group by a
2'~dialkylamino-1’-hydroxyethyl species at the 4 posi-
tion of the benzo [#]-1,6-naphthyridine (II).

Svithesis of the candidate antimalarial required the
presence of a usable functional group at the {4-position
of the trieyelic heteroaromatic nucleus. Since a benzo-
(A -1.6-naphthyridin-4-0l (9) possessed a requisite
tunetionality, we sought a reaction which would provide
thi= tvpe intermediate in high yields. The acid-
catalyzed Conrad-Limpach reaction between 4-amino-
quinoline and acetoacetic ester has been reported to
give high vields of 2-methylbenzo[A]-1,6-naphthyridin-
4-nl.*  Applying this procedure,* we were unable to
i~olate the desired benzo[i]-1,6-naphthyridin-4-ols orv
their possible quinolylerotonate intermediates from the

21t (i) The work described in this paper was perforined under Contract
Nou. DADAT-6T-C-7060 with the U. 8. Army Medical Research and De-
vetopment Command., This is Contribution No. 665 from the Army Re-
seureh Program on malaria. (b) To wlom inquiries should be addressed.

2 F. Y, Wisgelogle, Ed. "A Survey of Antimalarial Drugs, 1941-1945,"
LW Edwards, Ann Arbor, Mieli., 1946,

33 G. R. Coatney, “‘Survey of Antimalarial Agents,”” Public Health
Servive Monograph No. 9, Felleral Security Agency, 1952,

1; C. R. Hauser and G. A. Reynolds, J. Org. Chem., 15, 1224 (1950).

reactions of {f-aminoquinolive or 4-amino-7-chlora-
quinoline with acetoacetic or benzoylacetic esters.
Similarly, these reactants did not provide the quinolyvi-
aminocrotonates under conditions which normally
vield anilinoerotonates from anilines and acetoacetic
ester.  The Doebner and Niementowsky™ reactions
were equally ineffective in providing desired benzo[h]-
1,6-naphthyridines from 4-aminoquinolines and ethyl
4-amino-7-chloroquinoline-3-carboxylate, respectively.

Although the quinolylaminocrotonate (3) was not
obtained upon treatment of 4-amino-7-chloroquinoline
(5) with ethyvl 3-ethoxy-cis-crotonate, somewhat en-
couraging results were obtained when 4.7-dichloro-
quinoline (1) was treated with ethyl 3-aminocrotonate
(2) to give the crotonate in 20-3097 vields. All ai-
tempts to abtain the benzo [# ]-1,6-naphthyridin-4-ol by
evelization of 3 were unsneeesstul.

In 2 manner similar to the EMME syvuthesis® ol
quinolines aud benzo [l ]-1.6-naphthyridines,** we pre-
pared &-chlorobenzo[]-1,6-naphthyridin-t-ol (9) from
diethyl ethoxyvinethvienemalonate (ENMME) and 4-
amino-7-chloroquinoline (5) according to Scheme 1.
This intermediate did not possess the desired ring
substitution at the Z-position.  Bromination of 8-
chlorobenzo [A ]-1,6-naphthyridin-4-ol (9) vielded the
bromo derivative (10) which was treated with CuCN
to give the 4-ecvano compound 11 (Scheme II}. A
small amount of DAMSO was required ta effect the
aqueous alkaline hydrolysis of this nitrile to the acid
12. The overall vield of the vecervstallized acid (Table
I) was 269, The final product. (17) was prepared from
thix acid using the generval svnthetic pathway of Lutaz.
et al., where similav quinolinemethanols were prepared.

i5) G. A, Reynolds and C. R, lauser, “Drganie Syntheses,” Coll. Val,
111, Johin Wiley & Sons, New York, N, Y., 1935, p 374.

i6) 5. R. Buchunan, C. M. MiCloskey, aml J. A, Seneker, J. ey,
Chem. Soc., 69, 383 (1947).

(T) R. €. Fuson aml D). M. Burness, (%0l., 68, 1270 {1044).

i8) C. C. Price ami R. M. Roberts, “Organic Syntheses,'" Coll, Vol 111
John Wiley & Sons, New York, N. Y., 1ud5, p 272,

19) AL Davis, J. Ckem. So¢., 828 (1y58).

10y R.EL Lutz, e al., J. Amer, Chem. Soc., 68, 1813 11946),
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No. R Y Mp. °C Crystln solvent Yield Formula Analyses?®

7 OH CO0,C.H; 307-308° DMF 95¢ C1:Hy, CIN,0, C, H C|, N

8 OH CO.H d DMF 88¢ Cy3H;CIN, O, C, H C, N

9 OH H I DMF-EtOH 81°¢ Ci:H,CIN,0O C,H C, N

10 Br H 155-157 Petr ether-601-10 740 C12:H(CIBrN, C, H, Br,C, N
11 CN H 258-259 EtOAc 78¢ Ci3H¢CIN; C,H C,N

12 CO.H H 3240 DMF-EtOH 679 C1:H;CIN,O, C,H C,N

13 COCl H 182-187 96°¢

14 COCHN;, H h

15 COCH;Br H 154° Cyclohexane 75e CHBrCIN,O C, H, Br,C|, N

0
/N
16 CH—CH, H 186-188¢ EtOAc 97e
17 CHOHCH,.N(CHjy), H 90-91 MeOH-H,0 67! CxHyCIN;0 C, H C, N

@ Where analyses are indicated only by symbols of the elements, analytical results obtained for those elements were within +0.457
of the theoretical values. * Melt with decomposition. ¢ Yield of washed product based upon the amournt of 4-amino-7-chloroquinoline.

d Sample charred at 310°, no melt below 360°. ¢ Yield of washed produect.
¢ Yield of crude product based on the amount of bromomethyl ketone (15).

product.  » Explosive decomposition above 187°.
ScHEME T
NH,
H CO,C,H; :
OO0 + e =
Cl N C,H;0 CO,C,H;
5 EMME

H
N /%/COZCZHS

CO,C,H; e

250°
¥
6

CO,C.H;

—_—
hydrolysis

Cl

Cl N

Iy contrast to the reduction of some quinolyl bromo-
methyl ketones in which NaBH, or Al1(O-7-Pr);!! can be
used to reduce the ketone function, only AI(O-7-Pr);
was of value since NaBH, gave concurrent partial
reduction of the tricyelie, heteroaromatic ring system
when used in an equimolar concentration at 5°. The
crude bromohydrin product of the Meerwein—Ponn-
dorf-Verley reduction was treated with base to yield
the oxirane (16) as given in Scheme III. This in turn
was treated with n-Bu,NH to prepare 17, the final
product. It has been shown that this tvpe of oxide is
equivalent to the bromohydrin in the subsequent re-
action with amines.1?

(11) R. C. Elderfield, M. Israel, J. H. Rosg, and J. A. Waters, J, Org.

Chem., 86, 2827 (1961).
(12) 8. Winstein, et al.. J. Amer. Chem. Soc., 68, 1831 (1946).

/ Charred at 360°, no melt. ¢ Yield of recrystallized

ScHEME 11

POBr, CuCN, DMF
—_— _—

hydrolysis
CN  (DMSO) Q CO.H
Cl N
12

ScHEME I1T

S0Cl2 CH:N» HBr
B-CO,H ——> B-COCl ——> B-COCHN,; —>

12 13 14
(0]
1. Al(O-i-Prys /N HNBu:
B-COCH;Br ——> B-CH-CH; ———>
15 2, NaOH 16
B-CHOHCH:NBu:
17

B = 4-(8-chlorobenzn(#}-1,6-naphthyridyl)

The pmr spectra for intermediates 6, 10, 11, 14, 15,
and 16 were consistent with the assigned structures and
with the expected changes within the series of spectra
which includes the starting material and final product.
Compounds 7, 8, 9, 12, and 13 were not sufficiently
soluble in pmr solvents to permit recording of their
spectra. Thus, the pmr spectrum of the ring closure
product of the acryvlate, 6, showed the loss of the 3-
quinoline proton with concurrent collapse of the number
2 proton doublet to a singlet. Analysis of the pmr
spectra not only allowed for assignment of all signals
in the pmr spectra but also yielded the coupling con-
stants. The doublet of the aromatic number 3 proton
of the oxirane, 16, showed an additional splitting of 0.7
Hz which is attributed to long-range coupling with the
ethylene oxide methine proton. The methine signals
were broad but the corresponding 0.7-Hz splitting could
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ot be resolved. This long-range ecoupling ix also
observed in the spectrum of the final product.  Pmy
data clearly show that the product isolated ix 17 and
not the alternate i\‘omor 18 which could be abtained
from the reaction of the epoxide (16) with dibutyvi-
anine,

a=e of the alternate 1somer,

In the 18, the methyvlene-
hydroxy protons (<CH,OH) should appear in the re-
gion of 240 Hz (TMS) with AB pattern characteristies.
(Since thix group is adjacent to an asyvmmetric center,
these geminal protons are not expected to be equiva-
lent.)  PFurthermore this group <hould iutegrate to 2
protous.  Thix was not the caxe. A multiplet at 331
Hz, integrating to one proton. wus readily assigned ax
Hy of 17, while protous a and b appeared with the
other aminomethylene (NCH,) .\lglldl.\.

Biological Aectivity. - -Flight intermediates and the s-
chlora-4-(2-N N-dibutyLumino-1'-hyvdroxyethybbenzo-
[//.-].()-11‘1 yhthyvidine  were  tested i antimalarial
activity.,  The results of these tests were furnished
ta aus by the Walter Reed Army Lystitute of Research.
Intermediates 6, 8. 9. 10, 11, 12, and 15 were tested
agaiust 2. gallinacewn in mosquitnes, " and were -
active iy this test. The bromomethyl ketone. 135,
vielded a 509, ooevst suppres=ion which was not <ignifi-
caut =ipee there was o corresponding  =porozoite
suppressinn, Similarly 6. 7. 8. 10, 11, and 12 =howed no
activity when tested against . beryhel in mice'™ in
dosage range of 40 ta 640 my kg given e single sub-
cutanentis doses,

8-Chloro-4-(2'-N N-dibutylamino-1'-hydroxyethy) -
benzo[h}-1 6-naphthyridine (17) was active against
P. berghel in mice, extending the mean survival time
to 6.9 duyv= at a dosage of 640 mg-kg.  Comparable data
for the highly active 7-chloro-2-(p-chlorophenyl)-a-
dibutyvlaminomethvi-d-quinolinemethanol™  illustrate
the disappointing activity of 17; at a dosage ot 640 mg -
kg, the 2-substitnted  quinolinemethanol effeets 4
cures (with 1 toxic death) while only a 20 my. kg dose
i~ sufficient to extend the mean survival tie by A8
davs.  On the other hand, quinine sulfate shows g
mean <urvival time extension of only 7.1 days at the
upper level of 640 mg ‘kg.  Componud 17 pu»u»od o
significant aetivity agaiust P, gallinaeewmn in chicks and
wis inactive against this organism in mosquitoes.

Experimental Section

Melting points were determined with o Mel-Temp apparatus
and arve corrected tu melting point standards.  All eompounds
were charneterized by theit pmir and or ir =pectra as well as

(137 . J. Gerhery. L. 1. Ricbards, and J. B, Poule, Meeguite Veps. 26,
35 11U661.

141 T, 8. Osdene, P, 1. Russell, and L. Rane, J. Vel Chent.. 10, 431
(1HOT ).
V14) Sn 1 T0--Wigelogle, “Survey of Antimalarial Druws,” Vol [l

JoWL dwards, Ann Arber, Mich., 1946, p 1084, Specific data fur SN 13.71D)
and guinine sulfate was supplied by the Walter Reesl Army Instiince of
Regenrch.
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their clemental analy=es and <tmple vhemieal helivior. -
mental analyvses were performeld by Deo Koo Hiler,
Mierochinique, Feole ate Chimie, Cameve,  Switzechd,

Lahnseatasie

sperten Gn KBrs were cerorded vas o Perkin: Elmer Muinle _’
~pertuphintometer white prne spectra i CHCE S were ahtained
on o Vaein Muodel A-60 <pectrometer «NegSi S i Hy

+.7-Divhiloroguinolivie was commerciathy available and was
parified by verrvstathizathar frome Sketbvsolee B, ap S0 84057
e mp N4 8575 The provedhioee for the prepamtion of inter-
medintes 6 thongh 9 follows thay of the NN svinhesis of
nuitolines while 13 theongh 17 were peepaved sivonling 1o 1he
provednre of btz ol
4-Amino-7-chloroquinoline (5. 4, 7-Diriloroqiinotine (20 ¢,
O ol wasalissolveld in PhOH ant treated with anhydns Ny
wernrdivg to the provediee of Eldevfiehl, ot a7 The thovoughly
washeld and deieh ceoade preothiet was vevevstatized from Cellyg wo
vVield 1200 w750 nf ervstalline 500 i 152 15447 CHeT
15010170
Ethyl 2-C'arbethoxy-3-17-chloro-4-quinolylamino)acrylate 16,
A mixtare of 45 g oof damino-7-chloroqimline 50l 60l
of EANL was heateld 1ov 1 he st 1200130° with <tirring while
allowing the formed oAl o, boil off. The weadytieal sinple
wis rerrvstillizel o petnlenor ether (hp 60 110% with
refrigertion: mp 155 11650 b mnd ume as expectells Tiead,
CraHCENOG O 1, O N
Ethyl 8-Chloro-4-hydroxybenzoj/|-1,6-naphthyridine-3-car-
boxylate i 7i.- The rinle, nwlten weryvlite 6 was vavetnlly ponvel
tuto 1600l of vigoronsly refluxiug Dowtherm AR and alliwerd
to reflax for v, After cooling the mixtre (o room teuper-
tave the <aln was filtered and boiled with vwo 4o0-ml portions of
O il nne Bot=ml portion oft petrotemn ether il 6t 114
to bhtain TE o 057 02 stepst of ernde, aivahrimd protae,
mp 2902017 sders Mcanalytieal =anples which veairelt washing
with B0 amt deving an 1007, was obuaitned Dy verrvstatbizatiog
from DMEF D wp 3070 5050°% der: i as expectal,
8-Chloro-4-hydroxybenzol/}-1,6-naphthyridine-3- carl)oxyli(
Acid (81, The vomlde ester, 7. was hvihobvzerd by vethixing 1040
ml of 207 anueoans Natdbl o After 2 hy ul velliny, the veaction
mixttee was dibned with 1600 ml ot Hatl condal, aont fiteered,
Hest thmugh o coarse porosite <interal rmnu-l then throngh one
of medinn prrosine, The vhear, vellow fhomte was foethers diliaed
withe 700l ot 1,0 .||||l avidified to o pHEof 2 cpHaibeiee
paper:  sing tml HCE c1on mbn Aner theering
amd deving o eonstant \wl;_lll C120%0 14 hs, AN woost) 0 R
<tep=i of acid was ohaned, mp 20070 The aalvaieal <ample
DATF G elomal ac 310° hoedid vot el v ax expected.
8-Chlorobenzo!/i{-1,6-naphthyridin-4-o! 1 9. The visnle wend,
8. wis arefully adideld 1 2100 1l of vigiemasly veilnxivg Dowe
therm A% aml artes 2 heof henting, the davk veastion mixonree wis
cuoled il the Tirown decarboxvhution prodinet was filteral,
The solul was boihal with two 400-mlb portions of oot ol
S0l o petrohan sther dhp 651107 tovield 30T o8,
step=iolvende 9 after an Jdeving, The analyvtival saple, revevs-
vallizedd frome DAE ErOH, chareed o 2607 hat adid nor wehr:
1= experted.
4-Bromo-8- chlorobenzo;}:l 16 naphthyridine (10:. A <vhuion
of 54 g of POBr o 150 mlb of CHCL was adiled to a mixtore of
AT ool 9 in 100 mb of CHCYL with stiring, The mixtiree wis
heatel at reflax for 4 he, conteld, and fltered. The eollevial <olid
wits< nixed with 500 mb of HLO ol yhe mixtoee was nevtrahlizel
to pHE T asing 570 NaHC( After filtering aend thving
the =uhid i wevo over TSRO, (14 mm, the prodines wis ex-
travted with 1600 ml of boiling peteoleinn ether vhp ot 1107
which depisited 252 ¢ of fhtfy white needles apon refrigertion,
The restdaal solid was then extracted wicth 1he petrolenm ciboer
filtrate of crvstathzation aad depusited oo addivional <5 g o
produet after romeentration w G00 ml awld vefrigeratioe. The
A7 totall mp 1560 -100.5°, vepresenterl an vverall fivesiep
vield of 50770 The analyial =ample {from petmlennn ether (hp
60--110°; mdtenl at 1550 157.5°% ir mnd nnr as expertel.
8-Chloro-4-cyanobenzoi/,-1,6-naphthyridine (11}.---A mixtire
af 300 ml of DMEF (hp 1525 133.1°0, 18 g (0.006 moly of 10, a1l
12w of CaCN LCP s was proged withh ey Ny and the nuxtnre was
heated at veflinx for 5.0 I with <trring while maitaining a posi-
tive N pressure.  After 20 min of veflux, the salid diszulved
A additinnal 300 mtn of heating peodnceed @ coptons anwni of

NS HIN A

1, <ohition,

iy Winitiprop Labornomies, Spemal Ubeewals Llep.
T R0 Uhderfiehd, W, T, Ciensler. O, Birstein, F. J. Keeysa, L}
Meynaed,aml Jo Galbirearhs S0 Oaers Oy, St 68 1250 £ 10486).
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solid which gradually diminished upon continued reflux. The
cooled, orange, semisolid reaction mixture was stirred vigorously
while adding 600 ml of 109, aqueous NaCN. After an additional
200 ml of H,O was added, the mixture was stirred vigorously
until creamy white. The white solid was filtered, washed
thoroughly with 500 ml of H,0, and dried ¢n vacuo (10 Torr) over
H,S0,. One recrystallization of the product from EtOAc
provided 10 g of cream colored crystalline solid, mp 255-258.5°.
Concentration of the recrystallization filtrate yielded an addi-
tional 1.4 g of solid, mp 242-252° (789, total yield). The white,
fluffy crystals of the analytical sample melted at 258-259°; ir
and nmr as expected.

8-Chlorobenzo[h]-1,6-naphthyridine-4-carboxylic Acid (12).—
Nitrile 11 (11.4 g) was hydrolyzed by a solution containing 5.7 g
of NaOH and 1.5 ml of DMSO i 100 ml of H,O. DMSO was
required since the intermediate was not wetted by aqueous
NaOH. After heating at reflux for 4.5 hr (odor of NHj no longer
present), the cooled yellow solution was filtered through a
medium porosity sintered funnel and diluted with 900 ml of
H,0. Acidification of the solution with concentrated HCI (ca.
13 ml) to pH 2 (pHydrion paper) followed by filtration and
dryving of the precipitate yielded the crude acid which after re-
crystallization from EtOH-DMF (4:1.25) afforded 8.3 g of solid,
mp 317-320° dec. The analytical sample melted at 324° dec;
ir as expected.

8-Chlorobenzo[%]-1,6-naphthyridine-4-carboxoyl Chloride (13).
—A mixtire of 43 ml of freshly distilled SOCl;® and 43 g of the
actd 12 wax heated at reflux for 6 hr. Excess SOCl, was removed
by distillation at reduced pressure and the residue was refluxed
with 50 ml of Skellvsolve B. The acid chloride (13) was filtered
under dry N, and dried over HySO4 (10 Torr) to yield 4.5 g (96
of vellow solid; mp 182-188°; ir as expected.

4-(8-Chlorobenzo[h]-1,6-naphthyridyl) Diazomethyl Ketone
(14).—The washed acid chloride 13 (4.5 g, 0.017 mol) was slowly
added to a cold (0 to 10°), well-stirred, solution of CH;N; in
Et,0' containing 0.07 mol of CH;N,. The reaction mixture
was protected from light since the diazomethyl ketone was light
sensitive. The mixture was stirred for 1 hr at ice bath tempera-
ture and then for 15 min at room temperature. The solid was
collected by filtration and pressed dry. Insertion of a sample
of this material into the melting point apparatus at tempera-
tures above 187° produced an immediate explosive decomposi-
tion; ir as expected (only a very weak signal was observed at 1739,
indicative of a small amount of acid chloride? contamination in
the sample), hmr as expected.
4-(8-Chlorobenzo[h]-1,6-naphthyridyl) Bromomethyl Ketone

(15).—A solution containing 5.7 g of 489, HBr (0.035 mol) in 4
ml of anhydrous Et.O was added to a mixture of the crude 14
and 35 ml of CHyCl. over a 5-min period with stirring and then
heated with a 70° water bath, refluxing for 1 hr. The HBr salt

(18) L. F. and M. Fieser, ‘‘Reagents for Organic Synthesis,'' John Wiley
& Sons, Ine., New York. N. Y. 1967, p 1138, Use of impure SOC{» gives
excessive salt formation which interferes with the following CH:N: reaction,

(19) J. DeBoer and H. J. Backer, ''Organic Syntheses,'' Coll. Vol, IV.
Jobn Wiley & Sons, Inc., New York, N. Y. 1963, p 250.

(20) K. Nakanishi, “Infrared Absorption Spectroscopy.” Holden Day,
San Francisco, Calif., 1962,
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of the bromomethyl ketone was filtered and dissolved in 400 ml
of DMF to give a dark brown solution. The crude bromomethyl
ketone (free base) was precipitated by the addition of 300 ml of
cold H:0 to the cooled DMF solution. The solid was filtered,
washed thoroughly with 200 ml of H;O, dried in vacuo over HoSO,,
and washed with 60 ml of anhydrous Et,0 to yield 3.5 g (619 ) of
15, mp 151° dec. The analytical sample (cyclohexane) melted at
154° dec; ir 1692 (C=0); nmr & 4.60 (s, 2, COCH,Br), 9.48
(d, 1, J = 0.08, aromatic Hy), 7.95 (d, 1, J = 0.08, aromatic Hj),
9.92 (s, 1, aromatic H;), 9.27 (dof d, 1, J = 0.13, 0.01 aromatic
Hy), 7.88 (d of d, 1, J = 0.15, 0.04, aromatic Hs), 8.38 (d, 1,
J = 0.04, aromatic Hy).
4-(8-Chlorobenzo[h]-1,6-naphthyridyl)ethylene Oxide (16).—
A mixture of 3.3 g (0.01 mol) of 15, 50 ml of anhydrous -PrOH,
and 2.0 g of freshly distilled Al(O-i-Pr); was heated by an oil
bath while effecting partial take-off of the distillate at a rate of
20 ml/hr. (The distillate, 43 ml total, was tested with 2)4-DNP
t.s. for the presence of Me,CO which was negative after 2.25 hr.)
Anhydrous --PrOH was added to the reaction flask as needed
during the distillation. The dark brown reaction mixture was
concentrated by evaporation with dry N,. When the mixture
became thick, the flask was immersed in an ice bath and 25 m] of
H.O was added. The chunks of solid were broken and stirred
into the tan mixture. A cold aqueous solution of 15 g NaOH in
25 ml of H;O was added and the mixture was stirred for 20 min
with cooling and 10 min at room temperature. The tan solid
was collected by filtration, washed thoroughly with 100 ml of
H.0, filtered, and dried 7n vacuo (10 Torr) over H.SOy to vield 2.5
g (979%) of the epoxide 16: immediate charring melt at 194°;
ir almost complete loss of 162900111—l signal (C=0); nmr 5 4.76

7N
(dof d, 1, J = 0.07, 0.04 CH—CH,), 3.49 (d of d, 1, J = 0.1,
0 H, 0 H,

NS v
0.04, CH—C), 292 (d of d, 1, J = 0.1, 0.07, CH—C ),
AN N
H, H,
9.18 (d, 1, J = 0.08, aromatic Hs), 7.58 (d, 1, J = 0.08, aromatic
H;), 9.72 (s, 1, aromatic H;), 9.15 (d of d, 1, J = 0.14, 0.01,
aromatic Hy), 7.72 (d of d, 1, J = (.14, 0.04, aromatic Ha),
8.22 (d, 1, J = 0.04, aromatic Hy).
8-Chloro-4-(2’-N,N-dibutylamine-1’-hydroxyethyl)benzo[h]-
1,6-naphthyridine (17).—A mixture of 2.4 g of crude 16, 7.2 g of
dry Bu:NH, and 3 m] of DMF was stirred and heated by a 100-
125° otl bath for 3 hr. The dark brown solution was diluted with
50 ml of H;O and extracted with five 75-ml portions of Et,0. The
combined Et,O extract was washed with two 100-ml portions of
H,0 and dried (Na,SO,), and the solvent was removed under re-
duced pressure. The dark brown residue solidified upon standing
in vacuo over HySO4 (2.6 g) and was recrystallized from MeOH-
H,0 using decolorized charcoal, yielding 1 g of off-white solid, mp
90-91°; ir 3390 (OH), 2940 (CH), 725 cm~! [(CHa)n); nmr &
5.66 (broad, d of d, 1, J = 0.17, 0.07, CHOH), 4.5 (broad, s,
OH), 2.67 (NCH3), 1.43 (CCH,), 0.93 (CCH;), 9.31 (d, 1, J =
0.08, aromatic Hy), 8.07 (d of d, 1, J = 0.08, 0.01, aromatic Hj),
9.74 (s, 1, aromatic Hg), 9.20 {d of d, 1, J = 0.15, 0.01, aromatic
Hy), 7.82 (d of d, 1, J = 0.15, 0.04, aromatic Hs), 8.22 (d, 1,
J = 0.04, aromatic Hy).



